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ABSTRACT 
 

Background: The Muskmelon, a variety of Cucumis melo L, is popular in Cameroon for its high 
nutritional and medicinal values. However, the cytogenotoxic and infertile properties of this species 
is yet to be evaluated. During this study, phytochemical analysis by colorimetric dosage of dry 
extracts of C. melo was carried out and the cytogenetic toxicity properties evaluated.  
Results: Qualitative analysis revealed the seeds of the species to contain alkaloids, phenols, 
flavonoids, triterpenoids, tannins, saponins, anthocyanins and sterols while quantitative analysis on 
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the other hand indicated 46 ± 0.71 Gallic Acid Equivalent, 29.44 ± 0.87 Tannic Acid Equivalent and 
5.87 ± 0.67 Quercetin Equivalent respectively for total phenols, for total tannins and for total 
flavonoid. The treatment of male individuals of Zonocerus variegatus with various concentration of 
the aqueous extracts of the seeds of C. melo revealed that increasing concentrations (0, 5, 10, 20, 
30 and 40 µg/ml) of the aqueous extract resulted in significant and proportional regression of the 
meiotic index and chiasma frequency. Chromosomal abnormalities were also induced in Anaphase-
1.  
Conclusions: These results indicate that the aqueous extract of C. melo seeds can be used to 
selectively eliminate orthopteran pests. It could be used in the fight against gonadal cancer, as the 
extract has been shown to be more effective in reducing the pool of dividing gonadal cells. 
Consumers of C. melo seeds are advised to use this plant with caution, as it can alter 
spermatogenesis and other processes. 

 

 
Keywords: Phytochemistry; Cucumis melo seed; meiotic index; infertility; Zonocerus variegatus 

model. 

 
1. INTRODUCTION 
 
The therapeutic use of medicinal plants is very 
common, especially in developing countries [1]. 
Many medicinal plant extracts and their active 
principles have been described and used as 
therapeutic molecules [2,3]. However, there is 
considerable interest in the determination of 
health risks that these molecules may produce. 
Indeed, many of these plants contain 
phytocompounds known for their cytogenotoxic 
characteristics [4,5,6]. Therefore, an evaluation 
of the anti-meiotic potential is necessary to 
ensure a relatively safe use of these medicinal 
plants [7]. One of such medicinal plant with 
important nutritional and therapeutic values is the 
Melon (Cucumis melo L.). C. melo L. is an 
angiosperm of the order Cucurbitales, family 
Cucurbitaceae, genus Cucumis. It is an annual, 
herbaceous plant grown in all warm regions of 
the world [1]. Each part of this plant is used 
either as food or as medicines against various 
diseases in humans. Secondary metabolites 
including alkaloids, flavonoids, phytosterols, 
glycosides, saponins and terpenes have been 
isolated in this plant [2,8]. Moreover, extracts of 
C. melo have shown antioxidant [9,10], anti-ulcer 
[11], anticancer [12,13], antidiabetic [14], 
antimicrobials and anthelmintics [15,16] 
properties. Ethnomedicine also reports that the 
seeds and their oils can be used against dysuria 
and gout or as purgatives and dewormers 
[1,11,17]. The seeds are consumed mainly in the 
form of pistachio dish. In view of its chemical 
composition above all in terpenoids and 
cucurbitacins, the aqueous extracts of the seeds 
of Cantaloupensis variety of C. melo could 
interfere with cell division and therefore 
spermatogenesis in the division model observed 

in Z. variegatus. Indeed, the cytogenetic effects 
of spermatogenesis are in fact characterized by 
alterations in the process of meiosis resulting in 
the appearance of chromosomal abnormalities 
(structure and number) likely to hinder or                    
delay the transmission of information,                     
genetics and reproduction of the species [18,7]. 
Hence, an evaluation of the cytogenotoxic 
potential is necessary to ensure a relatively                
safe use of this medicinal plant [19,20]. It is 
known that cytogenotoxic bioassays on                      
plants or certain animals have a good correlation 
with mammalian cells [21,22]. Thus, the aqueous 
extract of the seeds of C. melo was administered 
to Zonocerus variegatus assay in order to        
access cytogenetic properties during prophase-1 
and anaphase-1 of meiosis-1, since it is 
representative of the whole process [23,24,21]. 
Various concentrations of C. melo seed              
extracts were studied to verify whether they 
presented a cytogenotoxic risk. Pest Z. 
variegatus L. (2n=19), family Pyrgomorphidae 
was found interesting to study cytogenotoxic 
effects due to their large and                           
visible chromosomes which is easy to stain and 
available at all seasons of the year [23,24]. C. 
melo seeds are shown to possess important 
medicinal and economic properties but                 
also devastating effects on reproductive               
health are reported. The seeds of C. melo are of 
an economic importance. And no study has                
been carried out for its growing consumption 
notwithstanding. The general objective of the 
study is to highlight the cytotoxic and          
genotoxic effects of the seeds of this plant.         
It will consist firstly on the qualitative and 
quantitative analysis and secondly on the 
demonstration of the infertile properties of the 
aqueous extract of this plant through 
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chromosomal damage during anaphase-1 of 
meiosis. This could be beneficial for drug 
therapists as well as producers, sellers and 
consumers. 
 

2. METHODS 
 

2.1 Collection of Plant Seeds and 
Preparation of Extract 

 

The ripe melon fruit samples were harvested               
in May 2022 from a field in the                              
Penka   Michel Health District in the Menoua 
Division, West Region of Cameroon. This site is 
located at latitude 5°30’2’’N and longitude 
10°14’39’’E (1.463 m above sea level). After the 
harvest (start 6:13 am and stop 7: am), the    
samples of the fresh ripe fruits were sent to the 
National Herbarium of Cameroon, where the 
plant was authenticated as Cucumis melo L. of 
the Cantaloupensis Americano variety by 
comparison with the material from Letouzey R n° 
7220 of the specimen of Herbarium                    
collection Number 8073/SRF/Cam authenticated 
by Dr. NGANSOP Eric. The harvested fruits        
were then sanitized and the extracted seeds 
were dried at room temperature and then 
reduced to powder using an electric grinder. The 
powder obtained was used for the preparation of 
the aqueous extracts according to the                  
method of [20]. Four hundred (400) grams of 
powder from the seeds of C. melo was                  
weighed and introduced into a container of 2 L of 
distilled water then the mixture was allowed to 
stand for 36 hours at room temperature. The 
mixture was stirred once a day using a                  
spatula for better extraction of the active 
principles of the plant. The macerate was first 
filtered using a sieve with a mesh diameter of 
150 µm, then successively with cotton and 
Wattman No. 1 type filter paper placed in a                
glass funnel resting on a one-liter graduated 
beaker. After 2 hours, the filtrate obtained                   
was divided into 5 stainless steel dishes and 
placed in an oven at 40°C for 48 hours to                   
allow the water to evaporate. Subsequently, the 
dry extract powder was obtained.                           
According to the protocol of [25], five (05) 
graduate-concentrations were prepared                           
(5 μg/ml, 10 μg/ml, 20 μg/ml, 30 μg/ml, and 40 
μg/ml) by successive dilution. 
 

2.2 Qualitative Analysis of the Aqueous 
Extract of C. melo Seeds 

 

The determination of the classes of                   
compounds present in the seeds of C. melo was 
carried out according to the standard methods 
described by [26]. 

2.2.1 Flavonoid examination (shinoda test) 
 

The flavonoid test was done by Shinoda test: 
0.01 g of extract was dissolved in 3 ml of 
methanol. The mixture was treated with 0.05 g of 
magnesium shavings and 3 drops of 
concentrated HCl. The flavonoids were identified 
by the presence of the following colorations: 
orange for flavones; red for xanthones and pink 
for flavonols. For chalcones and aurones, 0.1 g 
of extract was mixed with 3 ml of concentrated 
sulfuric acid and then stirred for 5 minutes. The 
presence of the chalcones were characterized by 
the red color and the aurones by the blue color. 
 

2.2.2 Analysis of alkaloids (meyer's test) 
 

Meyer's test was used for the detection of 
alkaloids. To do this, 0.01 g of extract was placed 
in a test tube in the presence of 3 ml of an 
aqueous solution of hydrochloric acid (50% V/V). 
The mixture was treated with 3 drops of “Meyer's 
reagent”. The formation of a white or yellowish 
precipitate indicated the presence of alkaloids. 
 

2.2.3 Analysis of saponins 
 

For the detection of saponins, 0.01 g of extract 
was dissolved in 5 ml of distilled water, then 
boiled for 5 minutes. After cooling, the contents 
of each 15x160 mm test tube were shaken 
vigorously for 30 seconds, then allowed to settle. 
The appearance of a persistent foam with a 
height of more than one cm characterizes the 
presence of saponins. 
 

2.2.4 Analysis of triterpenes and steroids 
(liebermann-burchard test) 

 

The Liebermann-Burchard test was used for the 
detection of steroids and triterpenes. To do this, 
0.01 g of extract was dissolved in 3 ml of 
chloroform, then 3 ml of acetic anhydride was 
added and the mixture was cooled in ice for 3 
minutes. Finally, a drop of concentrated sulfuric 
acid was added. The presence of triterpenes was 
confirmed by the appearance of a purplish red 
color and that of steroids by the successive 
appearance of blue, green, red or orange colors. 
 

2.2.5 Analysis of anthraquinones 
 

For the detection of anthraquinones, 0.01 g of 
extract was dissolved in a mixture of 4 ml of 
ether-chloroform (1:1 v/v). The solution thus 
obtained was treated with 4 ml of 10% (W/V) 
sodium hydroxide. Quinones were identified by 
the presence of a red coloration. 
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2.2.6 Analysis of phenols 
 
For the detection of phenols, 0.01 g of extract 
was dissolved in 3 ml of ethanol, then the mixture 
received 3 drops of 10% (V/V) iron III chloride. 
The appearance of the blue-purple or greenish 
color indicated the presence of phenols. 
 
2.2.7 Analysis of polyphenols 
 
For the detection of polyphenols, 0.01 g of 
extract was heated in the presence of 5 ml of 
ethanol, then 3 drops of ferric cyanide were 
added to this solution. The presence of 
polyphenols was marked by the appearance of 
the blue-green color. 
 
2.2.8Analysis of tannins 
 
For the determination of tannins, 0.01 g of extract 
was boiled for 5 minutes in a tube containing 5 
ml of water. The mixture after cooling received 5 
ml of 2% NaCl (W/V) and 5 ml of 1% gelatin 
(W/V). The appearance of a precipitate 
confirmed the presence of tannins. 
 
2.2.9 Analysis of anthocyanins 
 
For the determination of anthraquinones, 0.01 g 
of extract was boiled in the presence of 5 ml of 
an aqueous solution of HCl (1% V/V). The color 
change has been noted. The presence of 
anthocyanins was marked by the orange color. 
 

2.3 Quantitative Analysis of the Aqueous 
Extract of C. melo Seeds 

 
2.3.1 Determination of total phenols in the 

aqueous extract of C. melo seeds 
 
The total phenol content was determined by the 
method described by [27]. The reagent consists 
of a mixture of phosphotungstic acid 
(H3PW12O40) and phosphomolybdic acid 
(H3PMo12O40). It is reduced, during the oxidation 
of phenols, to a mixture of blue oxides of 
tungsten and molybdenum. These blue pigments 
have a maximum absorption which varies 
according to the qualitative and/or quantitative 
composition of the phenolic mixtures in addition 
to the pH of the solutions, generally obtained by 
adding sodium carbonate. The reaction mixture 
in this test consisted of 20 µL of extract (2 
mg/mL), 100 µL of Folin-Ciocalteu's reagent 
(diluted 10 times in water) and 80 µL of a 
solution of sodium carbonate at 20%. The 
mixture was stirred and incubated in a water bath 

at 20°C for 30 minutes, then the absorbance was 
measured on a spectrophotometer at 765 nm. 
The extract was replaced with distilled water in 
the white tubes. A standard curve was drawn 
using gallic acid (gallic acid concentration ranged 
from 0.015 to 2 mg/mL). The results were 
expressed in milligram equivalent of gallic acid 
per gram of extract. (y = 1963.4x; R² = 0.9926). 
 
2.3.2 Determination of total flavonoids from 

the aqueous extract of C. melo seeds 
 
The total flavonoid content of the extracts was 
determined using the aluminum chloride 
colorimetric method [28]. A volume of 100 µL of 
extract (2 mg/mL) was mixed with 50 µL of 
aluminum chloride (1.2%), then 50 µL of 
potassium acetate (120 mM) was added. The 
mixture was incubated for 30 minutes at room 
temperature and the absorbance was measured 
on a spectrophotometer at 415 nm. Total 
flavonoid content was calculated using the 
quercetin standard curve (quercetin 
concentration ranged from 0.015 to 2 mg/mL) 
and results were expressed as milligram 
equivalent of quercetin per gram of extract (y = 
300.75x; R² = 0.0897). 
 
2.3.3 Quantification of total tannins in the 

aqueous extract of C. melo seeds 
 
The tannin content was determined by the Folin-
Ciocalteu method as described by [29]. Briefly, 
the reaction mixture in this test consisted of 100 
µL of extracts (2 mg/mL), 500 µL of Folin-
Ciocalteu's reagent (diluted 10 times in water), 
1000 µL of a carbonate solution of 35% sodium 
and 8.4 mL of distilled water. The mixture was 
stirred and incubated at room temperature for 30 
min, then the absorbance was measured on a 
spectrophotometer at 700 nm. The extracts were 
replaced with distilled water in the white tubes. A 
standard curve was drawn using tannic acid 
(tannic acid concentration ranged from 100, 200, 
300, 400, 500 µg/mL). The results were 
expressed in milligram equivalent of tannic acid 
per gram of extract (y = 0.0005x + 0.017; R² = 
0.9873). 
 

2.4 Repartition and Treatments of 
Grasshoppers Model 

 
2.4.1 Justification of processing parameters 
 
First of all, as the 50 µg/ml concentration was 
lethal for more than 50% (LD50= 17.62 µg/mg) of 
the locusts tested during the screening, the 



 
 
 
 

Abdoul et al.; Asian J. Biochem. Gen. Mol. Biol., vol. 16, no. 2, pp. 1-11, 2024; Article no.AJBGMB.111661 
 
 

 
5 
 

concentrations (40, 30, 20, 10 and 5 µg/ml) were 
retained for this study. Similarly, the dose (0.05g 
/ kg), for example 50 μg/mg of body weight was 
administered to grasshoppers. This dose is 
obtained after extrapolating from previous work 
in the research team [15]. Then, the work carried 
out by [15,23] led to the adoption of the 
intraperitoneal route of administration in Z. 
variegatus since the extract is placed directly in 
the hemocoel. Finally, a meiotic cycle 
corresponds to 24 hours, that is to say one 
generation of spermatozoa [23]. Studying three 
successive generations (F0, F1 and F3) of 
spermatozoa requires 96 hours knowing that an 
additional 24 hours is necessary for the extract to 
be metabolized by the cells of the grasshopper. 
Eighty (80) adult male locusts were divided into 
six groups of five (05) individuals each. The six 
groups are then labeled G0, G1, G2, G3, G4, 
and G5 and given respective increasing 
concentrations of 0 μ (distilled water), 5 μg/ml, 10 
μg/ml, 20 μg/ml, 30 μg/ ml, and 40 μg/ml of plant 
extract. The 5 individuals of group G0 were used 
as controls. The grasshoppers were killed in the 
death chamber containing the chloroform smoke. 
Dissection was performed in insect saline 
solution (68% sodium chloride). The follicles 
obtained were placed in labeled vials containing 
Carnoy's solution (ethanol 3:1: acetic acid 
fixative) and stored in the refrigerator at 40°C to 
prepare chromosome smears. The capture and 
killing of the grasshoppers were carried out in 
accordance with the ethical prescriptions of the 
Department of Animal Biology of the University of 
Dschang relating to invertebrates.  
 

2.5 Meaning and Importance of 
Cytogenetic Parameters 

 
2.5.1 Preparation and examinations of smears 
 
Meiotic chromosome smears were prepared by 
the method of [23] and examined using the 
FISHER binocular microscope with 40X and 
100X objectives using Cedar wood immersion oil. 
Counting and examination of normal and/or 
abnormal parameters were performed on 250 
follicles as described by [15], taking into account 
prophase-1 and anaphase-1 in meiotic division.  
 
2.5.2 Meiosis one and meiotic index 
 
Meiosis one is studied in this work because all 
the major and relevant events such as genetic 
mixings take place there at this time. 
Intrachromosomic shuffling or crossing-over, for 
example, takes place in prophase one of meiosis 

one [30,31]. Interchromosmic shuffling also      
takes place during meiosis one, precisely in 
metaphase and anaphase one [32]. The meiotic 
index (MI) expresses the percentage of                    
germ cells in meiotic division out of the                    
total number of cells observed. This index was 
calculated according to the formula of                        
[30]. as follows: MI (%) = Number of cells in (P-1, 
M-1, A-1 or T-1)/Total number of cells 
examined×100. Where P-1=Prophase-1; M-
1=Metaphase-1; A-1=Anaphase-1; T-
1=Telophase-1. The meiotic index is a                 
relevant parameter of meiosis. It is used to 
measure the cytotoxicity of the extract, since it 
has been demonstrated that a meiotic                       
index lower than 12.25±0.75% is a sign of 
cytotoxic inhibition whereas chromosomal 
abnormalities reflect genotoxicity [33,31].                      
The percentage of abnormalities in                    
anaphase-1 (AI) is calculated according to the 
formula of [21] as follows: AI (%) = (AS, AR, MA, 
IA or AB)/Total number of cells analyzed in 
anaphase-1×100, with AS=Anaphase with stars; 
AR=Anaphase with stem chromosomes; 
MA=Multipolar Anaphase; IA (AP) =Anaphase 
with reversed poles; AB=Anaphase with 
chromosomal breaks. Percentage of 
abnormalities in anaphase will serve as an 
indicator of inhibition of intrachromosomal 
shuffling, while that which was recorded in 
prophase provides information on errors in intra-
chromosomal shuffling [34]. 
 
2.5.3. Zonocerus variegatus model 
 
The Z. variegatus pest was used because it 
satisfies the necessary conditions for an               
effective biological model. Chromosomes are 
acrocentric, few (2n=19), and large (16 µm). The 
process of meiosis is normal and             
chiasmatized [35]. The staining of the 
chromosomes is solid with lactopropionic            
orcein, this allows easy detection of gaps and 
morphological and structural deviations of             
the chromosomes. According to [23,24,32] no 
other insect provides such convenient                    
and complete collections of stages or phases of 
meiotic division; most complex cell division. An 
extrapolation of the results to mammalian            
cells is possible, since the locust is also 
equipped with enzymes involved in the 
biotoxification and biodetoxification of        
xenobiotics comparable to those of liver                
cells [30,32]. Moreover, locusts are available 
during all seasons [15]. Photographs of 
interesting chromosomes present at prophase-1 
and anaphase-1 were made using a Techno, 
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Camon 16 phone mounted with a 48M AIQUAD 
Camera. 

 
2.5.4. Statistical analysis of the data 

 
The Python 3.1 statistical software Pandas 
package was used for this analysis. The mean 
value of each group of ten slides prepared per 
concentration of the tested extract and per 
grasshopper was subjected to the one-way 
ANOVA test followed by the Tukey post hoc test 
(HSD) at the level of significance of p<0.5 [31]. 

 
3. RESULTS 
 
3.1. Qualitative Analysis of C. melo Seeds  
 
Qualitative phytochemistry reveals that this 
extract contains eight (08) classes of 
compounds: alkaloids, phenols, flavonoids, 
sterol, triterpenoids, tannins, saponins and 
anthocyanins (Table 1). Quantitative 
phytochemical analysis of this extract shows that 
it contains a high proportion of total phenols 
followed by total tannins and finally a low rate of 
flavonoids (Table 2). 

 
3.1.1 Quantitative analysis of C. melo seeds  

 
Table 2. summarizes the level of secondary 
metabolites from the quantitative analysis of the 
aqueous extract of C. melo seeds. 
 

3.1.2 Cytogenetic analysis  
 
In comparison with the control (11.70±1.74%), it 
appears from Table 3 that the aqueous extract of 
C. melo seeds significantly (p<0.01-0.001) 
reduced the average frequency of chiasmata 
from 10.17±1.43% to 07.84 ±2.14% at 
concentrations 10 and 40 µg/ml respectively. The 
Mean frequency of bivalents with one chiasma 
only (Fig.1-i) decreased with high concentrations 
(30 and 40 µg/ml). On the other hand, the Mean 
frequency of bivalents with two or more 
chiasmata (Fig.1-ii-iii) were profoundly affected 
even by concentrations below 30 µg/ml. The 
extract significantly reduced the meiotic index by 
more than 10.11±4.10% on average between the 
control (14.25±4.69%) and the 40 µg/ml 
treatment (4.75±2.17%) (Table 4). A significant 
increase (p<0.05-0.01) in the percentage of 
anaphase-1 abnormalities in Z. variegatus was 
recorded after exposure with the aqueous extract 
of the seeds compared to the group with distilled 
water. However, two groups of anaphase-1 
abnormalities stood out: majority abnormalities 
with 9.8±1.87% anaphase with stars [AS] (Fig.2-
B); 6.86±0.16% of anaphases with chromosome 
breaks [AB] (Fig.2-F) and two less represented 
minority abnormalities where an average 
percentage of (2.83±0.21%) of anaphase with 
stem chromosomes [AR] was recorded ( Fig.2-C) 
and finally a summed percentage of 0.84±0.22% 
of multipolar anaphase and anaphase with 
reversed poles [AM+IA] (Fig.2-D-E). 

Table 1. Qualitative analysis of phytochemical compounds of aqueous extract of C. melo 
 

Phytochemical compounds Seeds 

Alkaloids + 
Phenols + 
Flavonoids + 
Sterols + 
Triterpenoids + 
Tannins + 
Saponins + 
Anthocyanins + 
Anthraquinones − 

Where + = Detectable; − = Not Detectable 
 

Table 2. Quantificative rate of total phenols, flavonoids and tannins in the aqueous extract 
seeds of C. melo 

 

Rate of secondary metabolites 

Rate of secondary 
metabolites 

Total Phenols 
(mgEAG/g extract) 

Total Flavonoids 
(mgEQ/g extract) 

Total Tannins 
(mgEAT/g extract) 

Seeds 46 ± 0.71 5.87 ± 0.67 29.44 ± 0.87 
Butyl hydroxytoluene 445.85 ± 0.14 67.49 ± 0.37 56.23 ± 0.61 

Where EAG=Gallic Acid Equivalent; EQ= Quercetin Equivalent; EAT= Tannic Acid Equivalent 
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Table 3. Chiasma frequencies at prophase-1 of Z. variegatus treated with C. melo 
 

Prophase-1 reproduction parameters 

Treatments 
(µg/ml) 

Mean 
chiasma frequency 

Mean frequency 
of bivalents with one 
chiasma 

Mean frequency of 
bivalents with two 
or more chiasmata 

Control 
(0 µg/ml)  

11.70±1.74a 60.44±.0.29a 24.31±0.65a 

5  11.02±1.10a 59.89±0.41a 24.03±0.51a 
10 10.17±1.43b 58.98±0.10a 21.32±1.03b 
20 09.75±1.89c 58.60±1.02a 18.09±1.50c 
30 08.43±2.01d 57.53±1.00b 16.61±1.87d 
40 07.84±2.14e 51.02±1.28c 12.11±2.13e 
Number of trials n=5. Groups that have no letters in common in column differ significantly from the control group 

(Distilled water), p<0.01, α= 0.05. 
 

Table 4. Anaphase one abnormalities percentages of Z. variegatus treated with C. melo 
 

 Meiotic germ lines cells activityAnaphase-1 abnormalities 
(250 cells per individual) 

 
 

 Treatments  
(µg/ml) 

TDC MI (%) AS (%) AR (%) MA+IA (%) AB (%) 

 Control 
(0 µg/ml) 

57 14.25±4.69a 0a 0a 0a 0a 

5 51 12.75±3.94b 1.61 ± 0.13b 1.44±0.14b 0.31± 0.9b 2.38±0.13b 

10 47 11.75±3.8c 2.55 ±0.19c 1.89±0.18c 0.38± 0.3b 3.52±0.12c 

20 44 11.00±4.08d 4.25 ±0.39d 2.97±0.14d 0.58±0.22c 4.65±0.14d 

30 32 8.00±3.39e 5.25 ±1.14e 2.69±0.22e 0.7± 0.2de 6.76±0.13e 
40 19 4.75±2.17f 9.8 ±1.87f 2.83±0.21f 0.84±0.22f 6.86±0.16f 

Number of trials n=5, Groups that have no letters in common in column differ significantly from the control group 
(Distilled water), p<0.001, α= 0.05. TDC- Total Dividing Cells, MI- Meiotic Index, AS-Anaphase with Stars; AR-

Anaphase with stem chromosomes; MA- Multipolar Anaphase; IA-Anaphase with reversed poles; AB-Anaphase 
with chromosomal breaks. 

 

 
 
Fig.1. Composite diplotene figs. in Z. Variegatus treated with tap water and seed extract of C. 

melo. (A: Composite shape bivalents figs. in Z. Variegatus treated with distilled water. B: 
Composite shape bivalents figs. in treated with seeds extract of C. melo.) i= Rod shape 

bivalents (1-chiasma); ii= Ring shape bivalents (2-chiasmata); iii= double ring shape bivalents 
(3-chiasmata) 
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Fig. 2. Types of Anaphase-1 abnormalities in treated and untreated grasshoppers 
A: Normal anaphase in Z. variegatus treated with distilled water; B: Anaphase with stars; C: 

Anaphase with stem chromosomes; D: Multipolar anaphase; E: Anaphase with reversed poles; 
F: Anaphase with chromosomal breaks. 

 

4. DISCUSSION 
 
The normal and harmonious course of the 
meiotic process, in particular a good segregation 
of chromosomes, is directly reflected in the 
fertility of sexually reproducing organisms. A 
typical meiosis can alter chromosomal 
mechanisms, lack of pairing of homologous 
chromosomes, lack of recombination, 
unbalanced chromosomal segregation, and a 
drastic drop in chiasma frequency can affect 
gametic viability, leading to reproductive 
problems [32]. Chiasmas and their frequencies 
are very essential for the fixation of homologous 
chromosomes in diplotene-paired bivalents of 
prophase-1 and therefore the subsequent 
segregation of these homologs at the cell poles 
during anaphase-1 of meiosis. Similarly, the 
meiotic index is a reliable indicator of the 
progress of spermatogenesis according to [35]. 
According to [30], the meiotic index and the 
chiasmatic frequency are two parameters 
determining the success of reproduction in a 
population. Therefore, these two indices become 
essential for the production of normal and 
genetically balanced sperm. Authors have 
demonstrated that in panmictic reproduction in 
the natural habitat, reduced chiasmal frequencies 
indicate a population that is less stable and 
therefore less able to adapt to sudden ecological 
changes in its habitat, unlike a population with 
high chiasmata frequencies [33,34]. The sperm 
produced by each individual belonging to a 

population with high chiasma frequencies means 
that the genes they contain have also achieved a 
high rate of allelic mixing by crossing over to 
adaptive phenotypes. On the other hand, sperm 
from a population with low chiasma frequencies 
have potentially less reproductive success. In the 
current study the extract significantly reduced the 
average frequency of chiasmata(,) so a majority 
of gametes are likely to be infertile. There was a 
regression and preferential disappearance of the 
frequency of bivalents in double rings 
responsible for more than two chiasmas (Fig.1-B-
iii). This disappearance has a consequence on 
the separation of homologs in anaphase-1 of 
meiosis. These results support the report of [36] 
who recorded an increase in the average 
frequency of chiasmas in Z. variegatus treated 
with aqueous extracts of Annona muricata 
(soursop). In reality, once in the hemocoel, the 
extract is drained by the hemolymph to the 
testicular follicles and by facilitated diffusion, it is 
absorbed into the cytosol of the follicle cells of Z. 
variegatus via the biological membrane [37]. The 
stored extract is in the cytosol, and after their 
metabolisms by the cells, the metabolites formed 
electrophilic compounds. Being very reactive, 
terpenoids, especially cucurbitacins, become 
alkylating and therefore likely to form new methyl 
groups which are at the origin of the covalent 
bonds between the two strands of DNA called 
adducts [19,32]. The position, time and number 
of adducts formed on the DNA molecule are the 
causes of multifaceted chromosomal 
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abnormalities [38,39-42]. The inhibitory effect of 
the extract can also be attributed to the diversity 
of anaphase-1 abnormalities such as [AS]; the 
[AB]; the [AR] and finally the minority [AM+IA]. 
[AS] could result from the persistence of bridges 
during meiotic inhibition with the inability of 
chromosomes to move towards one of the poles. 
[37] showed that potassium sulfite and potassium 
nitrate used as food preservatives caused 
aberrant outcrossing and then anaphases in 
Allium cepa. Accumulation of stellate anaphases 
evolves into multipolar anaphase or pole-
reversed anaphase [AM+IA] in the absence of 
DNA self-repair [5,6]. Anaphases with 
chromosomal breaks [AB] and anaphases with 
stem chromosomes [AR], on the other hand, are 
persistent anomalies. Thus, the induction of 
chromosomal breaks by C. melo extract may be 
independent of its effect on the amount of DNA. 
Therefore, further studies involving the effect of 
aqueous extract of C. melo on DNA and RNA are 
needed. According to [12], any disturbance in 
spindle formation can lead to uneven distribution 
of chromosomes and therefore to chromosomal 
breaks. These abnormalities reflect highly 
genotoxic effects, generally of the irreversible 
type, which can probably lead to cell death and 
therefore to infertility. These results are 
consistent with the results of many research 
groups that have examined the effects of 
different chemicals on different materials. [38] 
demonstrated that Ocimum gratissimum 
(Lamiaceae), a food condiment consumed in 
Africa and Asia, is spermatotoxic, cytotoxic and 
genotoxic because the aqueous extract of this 
plant induces chromosomal aberrations as well 
as abnormal spermatozoa in albino mice. 
Abnormal sperm had either an aneuploid or a 
polyploid due to poor homolog separation at 
anaphase-1. In the same context, the authors 
[43,22,44,45,46,47-50] proved the infertile effect 
of the cytogenotoxicity of two aqueous extracts. 

 
5. CONCLUSIONS 
 
This first cytogenotoxicity study of C. melo 
revealed that the aqueous extract of C. melo 
seeds is anti-meiotic at the concentrations 
tested. The anti-meiotic effects are illustrated by 
the inhibition of meiosis with drastic decrease in 
the frequency of chiasmas as well as the marked 
emergence of various anaphase-1 abnormalities 
in the forming spermatozoa, thus highly pro-
infertile. The extract can be used to target 
orthopterans (Pyrgomorphidae), which are 
significant crop pests in sub-Saharan Africa in 
general and Cameroon in particular. It may be 

effective in combating gonadal cancer, as the 
extract has been shown to reduce the meiotic 
index (the extract being highly concentrated in 
total phenols) [34]. Researchers should use the 
Z. variegatus assay for rapid cytogenetic studies. 
Consumers of C. melo seeds should use this 
plant with caution, as it can alter 
spermatogenesis, among other things. 
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